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Abstract 
This paper describes an electro-hydraulic servo-actuator using dual-mode controllers in the control loop. The aim is a null 
stationary error and the shortest possible time response. The mathematical model of the servo-actuator is constructed taking into 
account the functional model of the open-centre servo-valve. This model is used for the numerical simulation of the system 
functioning. The model uses mass flow ratios in order to obtain a more stable and realistic numerical simulation. The dynamic 
simulation studies the behavior of the servo-actuator with different controllers in the control loop. The model tests the 
proportional controller and types of programmable logic controllers. The controllers are implemented in MATLAB/SIMULINK. 
The controllers are tested by numerical simulation. One may assume the technical superiority of programmable logic controllers. 
© 2016 The Authors. Published by Elsevier Ltd. 
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1. Introduction 
Electro-hydraulic servo-actuators have a wide application in different branches of aerospace engineering. Among 
these applications are the steering systems for the aircraft and spacecraft command surfaces, tilting the engine nozzle 
in the rocket. Electro-hydraulic servo-actuators and advanced types of actuators are used in vehicles (aircrafts, 
spacecrafts, rockets), and allow to obtaining a null stationary error and a time response as short as possible, that is 
optimal under variable loads. The steering actuator has behavior to provide required dynamic and static characters. 
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In present, it is modern techniques to improve dynamic and static parametric, such as hardware, software and design 
solution. 
Electronic systems are perspective techniques to improve features of the aircraft by electro-hydraulic servo-
actuators with valve control. They are modern control techniques used for the servo-actuators behavior 
improvement. 
This paper presents the mathematical modelling of the electro-hydraulic jet pipe servo-actuator. It can be used in 
hydraulic systems of industrial robots, machine tools and steering actuators of the aircraft and spacecraft. 
2. Mathematical Modeling of the Servo-Valve 
The scheme of the servo-actuator is presented in Fig. 1. It contains the following features: electronic systems, the 
hydraulic cylinder, the jet pipe servo valve. 
 
Fig. 1. The jet pipe servoactuator 
 
Fig. 2. The logic scheme of the jet pipe servoactuator 
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Servo-actuators electronic control systems are based on the dual-mode controller. The dual-mode controller to 
implement servoactuator control by two modes: on-off-control and analog control.  
The developed model is based on the logic scheme presented in Fig. 2. 
Electronic systems controls such things as: jet pipe position, piston position, loud position, hydraulic cylinder 
chambers pressure. Torque motor operated by the current of electronic system allow correcting the position. 
The servo-actuator functioning equations were implemented in a MATLAB/SIMULINK scheme, shown in fig. 3. 
For the mathematical model of the servo-actuator uses the movement equation for the piston, the flow ratios, the 
movement equation for the jet pipe, torque equation of torque motor. 
 
Fig. 3. MATLAB/SIMULINK scheme of the jet pipe servoactuator 
The torque equation of the torque motor  
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where U , Ue is the voltage of the electrical direct-current network; R is the resistance of the electromagnet’s 
control winding; I is the function of electric current in the electrical network; L is the inductance of the 
electromagnet’s control winding; Kne , Ku, Kfb is the coefficient of the counter-electromotive force in the electrical 
network for the hydraulic distributor (HD); Kfb is the coefficient of feedback gain. 
The movement equation for the jet pipe: 
2
2
Į ĮĮ Įmi ma n
d d
J K I K b C
dtdt
          ,  (2) 
where J is the moment of inertia of jet pipe; Kmi, Kma is the coefficient of electrical and position gain; b is the 
coefficient taking into account the friction.  
The flow ratios 
0
max
1 (1 ) 1 (1 ) 1
2
,
1 ,
m d d
Q m m
P Pd
n n
m d
Q nm
P
P P
z z
W A y dPdy
A C z z
dt E dt P
z z z
P
[ [
P
[
­ ª º
    ° « »
  « »°§ · ¬ ¼   d®¨ ¸© ¹ °  ! !°
¯
 (3) 
171 A.V. Mesropyan and R.R. Sharipov /  Procedia Engineering  150 ( 2016 )  168 – 172 
where A  is the effective area of the piston; 0W  is the volume of the hydraulic fluid in the chamber of cylinder; E 
is the reduced elastic modulus of the hydraulic fluid; dP  is the pressure of the hydraulic fluid between the chambers 
of cylinder mQP  is the coefficient of fluid flow though the pipe; 
m
P[  is the coefficient of fluid pressure through the 
pipe; z  is the displacement of the pipe. 
The movement equation for the piston 
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where A  is the effective area of the piston; M is the mass of the loud; b is the coefficient taking into account the 
friction; R is the static load on the piston; nC is the stiffness of the spring of the piston. 
In figure 4 is presented the dual-mode controller block which structure is important for the servo-actuator 
functioning. 
 
Fig.4. The dual-mode controller block 
3. Results 
It implements the controller and the voltage-current converter. It although performs the conversion of the 
cylinder rod displacement to the feedback voltage. The dual-mode controller operates in two modes: on-off-control, 
when position piston equally S-parameter and analog control when position piston not equally S-parameter. The 
simplest controller is the proportional controller, so it was developed in MATLAB/SIMULINK. The simulated 
results are shown in Fig. 5. 
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Fig. 5. The results of modeling of transients process in jet pipe servoactuator 
4. Conclusion 
The developed mathematical model of transient processes in the jet pipe servoactuator with the dual-mode 
controller enables, on the basis of the numerical method for solving a formed system of differential equations. The 
results of the mathematical modeling show that the main time of extension (up to 80%) is spent on overcoming the 
load. It is possible by way of using two modes: on-off-control and analog control. Thus, the stationary error of 
overcoming the load by the jet pipe servoactuator reduces (by down to 1%). The effectiveness and ease of the 
implementation of using the dual-mode controller with jet pipe servoactuator make this method perspective. 
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